The present paper reports the synthesis, photoluminescence and thermoluminescence (TL) studies of Mn 2+ and Eu 2+ doped Zn2SiO4. The sample was prepared by the modified solid state reaction method, which is the most suitable for large-scale production. The prepared phosphor sample was characterized using Powder XRay Diffraction (PXRD), Field Emission Scanning Electron Microscopy (FESEM), Fourier Transform Infrared Spectroscopy (FTIR), photoluminescence (PL) and Thermoluminescence (TL) techniques. The PL emission was observed in the range 400-650 nm ranges green regions for the Mn 2+ and Eu 2+ doped Zn2SiO4. Excitation spectrum found at 267, 278 and 314nm. Sharp intense peaks found around 490, 544 and 552nm with high intensity. From the XRD data, using the Scherer's formula, the calculated average crystallite size of phosphor is around few microns. Thermoluminescence study was carried out for the phosphor with UV irradiation with linear heating rate 6.7 0 C s -1 . The kinetic parameters are calculated by (Computerized glow curve convolution technique) CGCD technique.
Introduction
Zinc silicate is an ideal host material for transition metal ions because of its chemical stability and transparency in the ultraviolet (UV)-visible range. Transition and rare-earth ions are excellent luminescent centers as a result of their inner shell electronic transitions. Consequently, transition and rare-earth ion doped zinc silicates have been studied extensively as efficient luminescent materials (Sohn et al., 1999; Zhang et al., 2001; Selomulya et al., 2003; Taghaviniaa et al., 2002; Wang et al., 2003; Reinhard et al., 2004) . Mn 2+ doped Zn2SiO4 phosphors emit green light when excited by UV light or cathode rays. These materials have been widely investigated as novel luminescent materials in lamps, cathode ray tubes (CRTs) and plasma display panels due to their high luminescence efficiency (Morimo et.al, 1994) . Similarly, Zn2SiO4:Eu 3+ has attracted attention because of its strong emission in the red which is in accordance with the standard made by the CIE (Commission International de 1' Eclairage, France). Therefore, the phosphor has some desirable features that make it applicable to TV and CRT screen applications (Wang et al., 2003) . Codoping of Mn 2+ and Eu 3+ into Zn2SiO4 may provide a phosphor with both green and red emissions, making it potentially useful for full colour displays.
For co-doped phosphors, it is important to reveal the interactions between the dopants in order to get high efficiency and adequate color index. Pressure and temperature dependences of the luminescence can provide useful information about the interactions between doped ions and the coupling between the dopants and the host crystal lattices. The variation in hydrostatic pressure or temperature can change the inter-atomic distance. This can change the overlap among adjacent electronic orbitals as well as the crystal field surrounding the dopant. Therefore, the study of luminescence spectral properties as a function of pressure or temperature may provide insight about the interactions between the luminescent centers or between the centers and the host lattice. In this paper, we report the pressure and temperature behaviors of Zn2SiO4 phosphors doped with Mn 2+ and Eu 3+ ions.
Zn2SiO4: Mn has been a well-known green phosphor for a long time. Recently, it has received intensive attention for its potential application as a green-emitting element of plasma display panels (PDP) (Morell and Khiati, 1993; Barthou et al., 1994; Ronda and Amrein, 1996) . The host material, Zn2SiO4, is a will emit compound, in which each Zn and Si consists of a tetrahedron with nearby the 4 oxygens (Kalska et al., 1978) . Replacing a few Zn 2+ ions of Zn2SiO4 with Mn 2+ ions results in an excellent green phosphor. This green emission is associated with the tetrahedral crystal splitting of the Mn 3d levels and is ascribed to the 4 T1g -6 A1g transition. It is a spin flip transition, which is forbidden due to the selection rule. Therefore, the decay time of this emission is too long for practical use as a PDP phosphor (Barthou et al., 1994; Ronda and Amrein, 1996) . There have been many experimental efforts to improve the efficiency of this phosphor. However, there is a lack of understanding of emission mechanism of the Mn impurity, which is related to the electronic structure of Zn2SiO4:Mn. If one understood clearly the luminescent mechanism of a phosphor, then it would be much easier to improve the efficiency of the phosphor for practical use.
Experimental
Appropriate quantities of ZnO, SiO2, Eu2O3 and MnCO3 were mixed and ground thoroughly using agate pastel and mortar. Then this mixture was fired initially at 1000 0 C for 2 hour and fired again for 1200 0 C for 4 hour in reducing atmosphere using charcoal. However ZnO(AR), MnCO3(AR), Eu2O3(AR) and SiO2(99.99%) were employed for the synthesis. The sample was characterized using Photoluminescence (PL), Thermoluminescence (TL), XRD, FESEM and HRTEM. The XRD measurements were carried out using Bruker D8 Advance X-ray diffractometer. The X-rays were produced using a sealed tube and the wavelength of X-ray was 0.154 nm (Cu K-alpha). The X-rays were detected using a fast counting detector based on Silicon strip technology (Bruker Lynx Eye detector).Observation of particle morphology was investigated by FESEM (field emission gun scanning electron microscope) (JEOL JSM-6360). The photoluminescence (PL) emission and excitation spectra were recorded at room temperature by use of a Shimadzu RF-5301 PC spectrofluorophotometer. The excitation source was a xenon lamp. Thermally stimulated luminescence glow curves were recorded at room temperature by using TLD reader I1009 supplied by Nucleonix Sys.Pvt.Ltd. Hyderabad. The obtained phosphor under the TL examination is given UV radiation using 254nm UV source (Dubey et al., 2010; Dubey et al., 2012 Fig. 1 shows the X-ray Powder Diffraction (XRPD) patterns of the Zn2SiO4:Mn 2+ Eu 2+ , samples. The sample exhibit almost identical XRPD patterns corresponding to the Will emit structure of the usual rhombohedral phase of Zn2SiO4 (Lina et al., 2000) . The Mn 2+ and Eu 2+ ions substitute for the Zn 2+ in the Zn2SiO4 host, which has tetrahedral sites (Perkins et al., 1967; Stevels et al., 1974 , Yang et al., 2003 . No XRPD peaks from impurities are observed in the samples, thus, it is reasonable to assume that Mn 2+ and Eu 2+ ions substitute for Zn 2+ sites in the Zn2SiO4 host lattice. However, it must be pointed out that defects such as F-centers appear along with the substitution of Eu 2+ to preserve charge neutrality. It is indicated that there is no impurity phase among all the phosphor samples. So we can judge from these experimental results that Eu 2+ ions have been introduced in to the Zn2SiO4 lattice, and do not cause any change in the cubic structure. It was revealed that the introduction of Eu 2+ ions did not influence the crystal structure of the phosphor matrix. The size of the particle has been computed from the full width half maximum (FWHM) of the intense peak using Debye Scherer formula. Formula used for calculation is Here D is particle size β is FWHM (full width half maximum)  is the wavelength of X ray source  is angle of diffraction D = 0.9*1.54/0.252*C os (34.75) =14 µm Thermoluminescence (TL) of prepared phosphor was studied by giving the 365nm UV source irradiation 2-20min. Every time 2 mg weighed powdered phosphor was taken for TL measurement (Fig 5) . The heating rate used for TL measurements was 6.7 0 C s -1 . For UV exposure it is clear that the TL intensity increases with increasing the UV exposure time.
Results and Discussion
This trend is generally due to competition between radiative and nonradiative centers, or between different kinds of trapping centers. In the present study UV exposure is used for creation of defects, and the observed TL glow peaks is mainly attributed to surface defects, since UV radiation cannot penetrate deep into the material (Chandrasekhar et al., 2012) . The sublinear increase in TL intensity with UV exposure can be explained on the basis of Horowitz's TIM (track interaction model) (Horowitz et al., 1995; Horowitz et al., 2001) . At low exposure time the recombination of various trapping/luminescent centres (TCs/LCs) occurs entirely within the tracks. Electrons escaping the tracks are intercepted by the non-radiative competitive centres (CC) in the intermediate region.
The TL signal, therefore, linearly increases with the irradiation and is simply proportional to the UV dose (the exposure time) figure 6.
TL characterization of the phosphor requires extraction of information regarding trapping parameters such as activation energy (E) of traps, and order of kinetics (b) associated with the glow peaks. Here E is a measure of energy required to eject an electron from the defect center to the conduction band, while s is the rate of electron ejection. The order of kinetics b is a measure of the probability that a free electron gets re-trapped. This re-trapping effect increases with density of empty traps. For estimation of trapping parameters (s and E).
The following empirical formulae are used to estimate trapping parameters using the Chen's peak shape method (Chen 1969) :
where kB is Boltzmann constant. Tm is peak temperature. The constant Cα and bα were also calculated by the Chen's equation. TLD phosphor generally exhibits one or more peaks when the charge carries (holes or electrons) were released. The dosimetric properties of TL materials largely depend on the kinetic parameters (E, b and s). These parameters will give valuable information about mechanism responsible for the emission in the phosphor. For a good TLD phosphor, a clear knowledge of its kinetic parameters was highly essential. These parameters can be estimated using Chen's set of empirical equations (Chen, R., Kirsh, 1981) . For the peak shape method by deconvoluting the glow curve by using Glow curve deconvolution (Fig. 7) . The peak shape method was generally called Chen's peak method which was used to determine the kinetic parameters of the glow peak of the TL materials. 
where b is the linear heating rate, b the order of kinetics and Order of kinetics To determine the order of kinetics (b), the form factor or symmetry factor is determined using the following expression:
This involves calculation of T1 and T2. T1 and T2 are the temperatures corresponding to half of the maximum intensities on either side of the glow peak maximum temperature (Tm). The nature of the kinetics can be found by the form factor. Theoretically the value of geometrical form factor (µg) is close to 0.42 for first order kinetics, and value is 0.52 for second order kinetics. The estimated kinetic parameters for Zn2SiO4 Eu 2+ , Mn 2+ phosphor is calculated by curve fitting techniques CGCD curve of experimental data and the peak shape method proposed by Chen and others (Chen 1969; Chen and Kirsh, 1981 , Kitis 1998 , Puchalska and Bilski, 2006 . The activation energy is found in between 0.69 to 0.78eV and the frequency factor is range of 1×10 13 to 3×10 13 for UV irradiated phosphor.
Conclusion
We have investigated the luminescence spectra of Zn2SiO4: Mn 2+ , Eu 2+ phosphor under different excitations. The emission bands consist of intra-ion transitions of Mn 2+ and Eu 2+ in these samples. The excitation spectra of the Mn 2+ ion consistent with that in Zn2SiO4:Mn 2+ , Eu 2+ , which implies that the codoping of Eu 2+ ions does not change the crystal field surrounding Mn 2+ . The emission can be well described by crystal field theory. The Eu 2+ emission has very weak as compared to Mn 2+ . Thermoluminescence glow curve shows three peaks at 110, 182, 280 0 C and shows linear dose response with UV exposure time which indicate the phosphor useful for dosimetric application. The kinetic parameters are calculated by CGCD technique. Photoluminescence spectra interpreted that these phosphor emit green emission and very useful for display device applications.
